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(57) Abstract: The invention relates to the field of molecular biology, molecular genetics, and biotechnology and can be used 
for purposes of genotherapy as well as in agriculture, industrial biotechnology for-gene specific silencing of genes whose 
^j. expression promotes the development of different diseases and infringes upon a process for producing a required product. The 
f<| invention proposes a method for modifying the genetic characteristics of organisms by means of RNA interference resulting in 
the gene-specific silencing of the selected gene with the aid of RNA molecules. The molecules are synthesised in vitro using the 
^ RNA molecules which are complementary in a parallel direction with (pcRNA) mRNA of the selected gene which are 
O synthesised in vivo or in vitro on an artificial sequences of DNA which possesses a mirror-symmetrical sequence of nucleotides 
Q in respect to the sequence of the gene nucleotides. The invention provides a general approach to the modification of the genetic 
j^. characteristics of an organism based on the biological characteristics of mirror-inverses of the nucleotide sequences being 
^ achieved through RNA-interference which brings about gene-specific silencing. 
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(57) Pe^epa-r: H306peTeHHe OTHOCHTCH K 06jiaCTH MOJieKyJlflpHOH 6HOJIOTHH, MOJieKyJIflpHOH 

reHeTHKe h GnoTexHOJiorHH h MoaceT 6bm> HcnoJib30BaHo jinn ueneii reHOTepanHH b 
Me^HiiHHe, a Taicace b cejibCKOM xo3HHCTBe h b npoMbimneHHOH GnoTexHOJiorHH jinn reH- 
cneijH(|)HHecKoro canneHCHHra Tex reHOB, aiccnpeccHa KOTop&ix cnoco6cTByeT pa3BHTHio 
Tex hjih hhkdc 3a6oJieBaHHH huh HapyniaeT npoijecc Hapa6oTKH Heo6xo,zjHMoro npo^yicra. 

npe^JioHceH cnoco6 H3MeHeHim reHeTHHecKHX cbohctb opraHH3MOB nyreM PHK- 
HHTep(|)epeHUHH, npHBO^meH k reH-cnen;H<|)HHecKOMy caHJieHCHHry Bi>i6paHHoro reHa c 
noMomtio MOJieKyn PHK, CHHTe3HpoBaHHbix in vitro, npn 3tom Hcnojit3yioT MOJieicyjibi 
PHK, KOMiuieMeHTapHtie b napanjiejibHOM HanpaBJieHHH (nKPHK) mPHK bli 6p aH h oro 
reHa, KOTOpbie cHHTe3HpyK>T in vivo hjih in vitro Ha HcicyccTBeHHOH nocjie^osaTejiLHOCTH 
/JHK, HMeiomei! 3epKajibHO-CHMMeTpHHHyio nocjieaoBaTejibHOCTb HyKneoTH^OB no 
oraoHieHHK) k nocneflOBaTejibHocTH HyicneoTHflOB reHa. 

H3o6peTeHHeM npe^JioaceH o6hihh noflxofl k H3MeHeHHK) reHeraHecKHx cbohctb 

OpraHH3Ma, OCHOBaHHblH Ha 6HOJIOrHHeCKHX CBOHCTBaX 3epKaJIbHbIX HHBepCHH 

HyKJieoTH^Hbix nocjie^oBaTejibHocTen h peajiH3yioinHHCfl b PHK-HHTep<j)epeHUHH, 
npHBO^nieH k reH-cneu;H<})HHecKOMy caHJieHCHHry. 
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Cnoco6 H3M 6H 6hhh reHeTHHecKHX cbohctb opramnivia 

06/iaCTb TGXHMKM 

H3o6peTeHHe othochtca k oGjiacra MoneKyrapHOH Ghojiothh, MOneKyjiapHOH 
reHeraKe h GHOTexHonoraH h mo^cct 6litl Hcnojib30BaH0 ajhi ijenefi reHOTepanHH b 
MeaHi^HHe, a TaiGKe b cejibCKOM xo3HHCTBe h b npoMbinuieHHOH 6HOTexHonorHH reH- 
cnei|H(J)HHecKoro cafineHCHHra Tex reHOB, SKcnpeccHa KOTOpbix cnocoScTByeT pa3BHTHio 
Tex hjih hhbix 3a6oneBaHHH hjih HapyinaeT npoqecc HapaSoTKH Heo6xo#HMoro npo^yKTa. 

ypOBeHt TeXHHKH 

H3BecTHH pa3HBie cnoco6bi H3MeHeHHJi reHeTHHecKHX cbohctb opraHH3Ma. Ooth 
H3 hhx npezjnojiaraiOT noBpe^cneHHe caMoro reHa. K hx HHCJiy othochtca TaK 
Ha3biBaeMMH "HOKayr" reHOB. 3th noflxo^bi npeanojiaraiOT BHeceHHe noBpe^caeHHH 
(MyraiiHH) b Bbi6paHHOM reHe b KJieTKax 3apo£biineBoro nyrw huh b ctbojioblix KJieTKax h 
no3TOMy ^aneKO He BceiTta Moryr Hcnojib30BaTbca jxjvk H3MeHeHHH cbohctb pa3BHBiuerocfl 
opraHH3Ma [L.V. Varga, S. Toth, I. Novak, A. Falus, Immunol. Lett., 1999, vol. 69, p. 217; 
J. Osada, N. Maeda, Methods Mol. Biol., 1998, vol.110, p. 79]. 

B nocjie^HHe ro^ti BH3LiBaeT noBbiuieHHbiH HHTepec zipyroH nojxnojx k H3MeHeHHK> 
reHeTHHecKHX cbohctb opraHH3Ma - Hcnojii>30BaHHe PHK-HHTep^epeHijHH, npHBOOTmefl k 
reH-cneijH(J)HHecKOMy caiiJieHCHHry, npn kotopom reH He noBpe^aeTca, a H3MeHiieTCH 
ero peryjrajna [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol.14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p. 139]. PHK-HHTeptJ)epeHUHH MO^ceT 
Hcnoju>30BaTbca rjiz reH-cneu;H(J)HHecKoro caftjieHCHHra Ha jiioobix CTa^H^x pa3BHTH5i, b 

TOM HHCJie H RJIZ H3MeHeHHH CBOHCTB B3pOCJIOrO OpraHH3Ma. IIOBbimeHHOe BHHMaHHe K 
HCCJie^OBaHHHM PHK-HHTep$epeHIZHH CBH3aHO C TeM, HTO OHH n03BOJ!HJIH CJiyiaidHO 

o6Hapy^CHTb paHee HeH3BecTHbie zipeBHHe MexaHH3Mbi reHHOH peryjumHH. 

OH3HOJIOrHHeCKa^ pOJIb 3THX MexaHH3MOB MO^CeT 3aKJIIOHaTbC^ B H33VieHeHHH B JIOKaJlbHblX 

CTpyKTypax xpoMOCOM, bo bjihahhh Ha aKTHBHOCTb TpaHCKpnnmiH, Ha npoueccHHr mPHK, 
ee TpaHcnopT b mrronjia3My h Ha ee craGnjibHocTb. 

K HacTo^meMy BpeivieHH PHK-HHTep(f)epeHitfDi, npHBOAmxan k reH- 
cnei^H(J)HMecKOMy cafijieHCHHry, onncaHa Ha pa3JiHHHbix opraHH3Max - HeMaTO#e, 
apo30(|)HJie, rpnGax, pacTeHHHx. 
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H3BecTeH cnoco6 u3mqucw$l reHeTH^iecKHX cbohctb opramreMa, ocHOBaHHMH Ha 
PHK-HHTep4)epeHi^HH c HcnonL30BaHHCM JXR5L 3toh i^ejiH aHTHCMMCJioBoii PHK (acPHK), 
KOTOpaa KOMnneMeHTapHa b aHTHnapajuiejiBHOM HanpaBJieHHH mPHK BLi6paHHoro reHa, 
CHHTe3HpyeTCH in vitro h bbo^htca b opraHH3M [A. Fire, S-Q. Xu, M.K. Montgomery, S.V. 
5 Kostas, S.E. Driver, C.C. Mello, Nature, 1998, vol. 391, p. 806]. 

OnHcaHHwM cnocoG ocymecTBJi^iOT cjie^yiomHM o6pa30M: 

1. Bbi6HpaioT reH, aKTHBHOCTB KOToporo HeacenaTejibHa; 

2. TOTOBOT reHeTHHeCKyiO KOHCTpyKIJHK), B KOTOpOH JttHHBIH reH HJIH 

cooTBeTCTByiomafl eMy kJJHK 

10 (nocjie^oBaTejiBHOCTb, cooTBeTCTByiomafl mPHK), T.e. npHpo^Ha^ JJHK, 
opneHTHpoBaHa b nporaBonono^CHOM HanpaBJieHHH h HaxozjHTca noj\ KOHTponeM 
HjoKHoro npoMOTOpa. 3thm o6ecneHHBaeTC5i TpaHCKpHnijM He3HanameH ijenn reHa. 
fljiji nojiyneHHH KOHCTpyKUHH Hcnojib3yK>T pa3Hoo6pa3Htie BeicropBi, KOTOptie Moiyr 
coAep^caTL nocjie/joBaTejiBHOcra ^HK, BaacHtie ajia ceneicijHH TpaHC(])opMaHTa, 

15 3(J)(J)eKTHBHOH 3iccnpeccHH nepeBepHyroro reHa h rsix. "npaBHJitHoro BnHCBraaHHa" 

KO HCTpyKI^HH B XpOMOCOMHBie TJOMeHBIj 

3. Ha nojiyqeHHOH KOHCTpyiojHH in vitro cHHTe3HpyioT h bbo^ot b opraHH3M acPHK c 
noMomtK) pa3HBix MeTOflOB (sjieKTponopai^HH, HHteKi^HH, per os). 

CymecTBeHHMM HcaoeraTKOM 3Toro cnoco6a n3MeHeHM reHeranecKHX cbohctb 
20 opraHH3Ma c noMomhio PHK-HHTep4)epeHijHH HBJiHeTCH to, hto npn Hcnojn>30BaHHH 
KOHCTpyioiHH, npeOTa3HaHeHHBix mm CHHTe3a acPHK b pe3yjn>TaTe nepecTpoeK MO^ceT 
np0H30HTH peBepcM, T.e. npeKparaTca 3Kcnpeccroi acPHK h HaHHeTca chhtc3 
nocjie^oBaTejibHOCTH cooTBeTCTByiomeH uenn mPHK. T.e. bmccto nojjaBjieHHii 
aKTHBHOcra Bbi6paHHoro reHa moecho nojiynHTt ero aKTHBHpoBaHHe. CnHTe3 uenn mPHK 
25 Moacer TaioKe HanaTBOi H3-3a toto, hto b MecTe HHcepijHH KOHCTpyiojHH Moryr OKa3aTtcH 
nocjiezioBaTejibHOCTH xo3flHHa, HMeiomne npoMOTOpHyio aKTHBHOCTb b u;enH, 
cooTBeTCTByiomefi aenn mPHK. BepoHTHOCTL Tarax co6bithh Bbicoxa. 

Han6ojiee ^eMOHCTparaBHO BbicoKaa Bepo^THOCTt peBepcnfi noATBep^eHa 
pa6oTaMH c Tp aHcreHHBiMH opraHH3MaMH. KoHcipyKiiHH npn 3T0M bbo^hjihcb c 
30 npoTHBononoHCHOH neubio - ^oOhtbca 6ojibHiei! aKTHBHO cth KaKoro-JiHOo reHa. OxmaKo, 
peBepcHH b pe3yjibTaTe cnoHTaHHoro aKTHBHpoBaHHfl TpaHCKpHmjHH c 
npoTHBonono^cHOH uenn npoBOOTHH He k yBejinneHHio aKTHBHOCTH reHa, a k nojiHOMy ee 
no^aBJieHHK), T.e. k reH-cneuH4)HHecKOMy canneHCHHry b pe3yjn>TaTe PHK- 
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HHTep^epemjHH [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, voL14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p.139]. 

CyilJHOCTb H306peTeHHH 

5 Ilpe^novKeH cnoco6 H3MeHeHH>i reHeTHnecKHX cbohctb opraHH3Ma nyreM PHK- 

HHTep^epeHUHH, npHBO/wmeii k reH-cneim(|)HHecKOMy caftjieHCHHry Bbi6paHHoro reHa c 
noMombio MOJieKyji PHK, cHHTe3iipoBaHHbix in vitro, BKJuonaioiiiHH ncnojib30BaHHe 
MOJieKyn PHK, KOMnneMeHTapHbix b napamiejibHOM HanpaBJieHHH (nKPHK) mPHK 
BbiGpaHHoro reHa, npn 3tom nKPHK ch HTe 3 Hp yiOT in vivo hjih in vitro Ha HCKyccTBeiiHOH 
10 nocne^OBaTeJiBHOCTH /J,HK, HMeiomeH 3epKajibHO-CHMMeTpHHHyio nocne^OBaTejitHOCTt 

HyKJieOTH^OB (3epKaJILHa>I HHBepCHil) nO OTHOUieHHK) K nOCJie^OBaTeJIBHOCTH 

HyKJieora^oB reHa. 

nepeneHE (Jmryp 

15 Onr. 1 npHBo^HT aaHHtie o cTpyKType /JHK-KOHCTpyKijHH, cojtep^ameii 

3epKajibHyio nocJie^OBaTejibHOCTb HyKJieoTH^OB othochtcjibho reHa Ion E. coli h 
npe^Ha3HaneHH0H £jra 3KcnpeccHH mcPHK, r^e: 

a - B3aHMooTHomeHHfl nocjietfOBaTejibHOCTeii HyioieoTH/joB reHa Ion h 

MCKyCCTBeHHOH XHMHHeCKH CHHTe3HpOBaHHOH nOCJie^OBaTeJIbHOCTH ^HK, 3epKaJiBHO- 
20 CHMMeTpHHHOH OTHOCHTeJIbHO reHa (+ IienH COOTBeTCTByiOT nOCJie^OBaTeJIBHOCTHM 

nKPHK parlon h mPHK); cHHTe3npoBaHHaa #HK b KOHCTpyiajHH HaxoxjHTCfl no£ 
KOHTpojieM npoMOTopa lac, o6ecneHHBaiomHM 3Kcnpeccnio nKPHK parlon; 

6 - B3aHMOOTHOiueHHJi Meac^y mPHK reHa Ion h nKPHK parlon; 

b - reHbi b lux-peryjiOHe: npoMOTopbi pr h pi b lux-peryjioHe pa6oTaK)T Ha pa3Hbix 
25 nemix, reHbi noKa3aHbi cBeTJibiMH np JiMoyrojibHHKaMH ; Lon 6enoK ^erpa^npyeT npo^yKT 
reHa R, aKTHBHpyiomHH pi h, xeM caMbiM, npenHTCTByeT pa6oTe reHOB, oSecneHHBaiomHX 

JIIOMHHeCIteHItHK). 

Onr. 2 noKa3biBaeT pe3yjibTaTbi jnoMHHecuemiHH kjictok E. coli, KOTopaa 
HaojnoziaeTCfl npn canjieHCHHre reHa lon b pe3yjibTaTe 3KcnpeccHH (parlon), r,ae: 
30 Lux-peryjiOH Vibrio fischeri 6biu BBe^eH b lon* hjih lon" KJieTKH E. coli. B 

nojiyneHHbie lon + KJieTKH ^ononHHTejibHO nop03Hb bbo/jhjih TaioKe KOHCTpyKijHio, 
C03£aHHyK> Ha ocHOBe BeKTopa pUC12, cnoco6Hyio 3KcnpeccnpoBaTb nKPHK parlon hjih 
HCxo^Hyio njia3MH^y pUC12, He coziep^camyio BCTaBKH. noKa3aHa 3aBMCHMOCTb 
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HHTCHCHBHOCTH J1K)MHH eCUCHIJHH CyCneH3HH KJIGTOK, Onpe^eHiieMa^ C IIOMOlUfeK) 

jiiOMHHOMeTpa (IV), ot oiithhcckoh iijiothocth (OD 550 ). CaiiJieHCHHr reHa Ion Bbi3biBaeT 
CBeneHHe TpaHC(j)opMaHTOB, coAepacamnx KOHCTpyKijHio parlon. 

Onr. 3 npe^CTaBJiiieT ^aHHHe o CTpyicrype ^HK-KOHCTpyKijHH, coAep^camen 
5 3epKani>Hyio nocjie^OBaxejibHOCTb HyxjieoTWjoB othochtcjibho reHa Kruppel £po30(j)HJibi 
h npe^Ha3HaHeHHOH jxjik aiccnpeccHH nKPHK (Kr-par), rae: 

a - B3aHMOOTHOiueHH5i nocjie^OBaTejibHOCTefi HyicneoTHflOB reHa Kr h 

HCKyCCTBeHHOH XHMH^eCKH CHHTe3HpOBaHHOH nOCJieflOBaTeJIbHOCTH #HK ? 3epKaJIBHO- 
CHMMeTpHHHOH OTHOCHTeJIbHO reHa (+ IjenH COOTBeTCTByiOT nOCJie^OBaTeJIbHOCTilM 

10 nKPHK Kr-par h mPHK); CHHTe3HpoBaHHaii ^HK b KOHCTpyKi^HH Haxo^HTCH no# 
KOHTpojieM npoMOTopa PHK nojiHMepa3bi T7, o6ecneHHBaiomHM 3KcnpeccHK> nnPHK Kr- 
par (cHHTe3 no Apyron uenn KOHCTpyiajHH b BeKTOpe pGEM-1 o6ecneHHBaeTCii 
npoMOTopoM PHK nojiHMepa3bi SP6); 

6 - B3aHMOOTH0iiieHH5i Me>K£y mPHK reHa Kr h nKPHK Kr-par; 

15 Onr. 4 noKa3braaeT (J)eHOTHnbi HOpMajibHoii hhhhhkh #po30(f)HJibi h 4>eHOKonnn 

Kr, noJiyneHHbix nocne HHbeKUHH nKPHK Kr-par, rae: 

a - (J)eHOTHnbI HOpMaJIbHOH jihhhhkh ,zjpo30(f)HJibi, 

6 - 4>eHOTHnbi jihhhhkh, pa3BHBuieHC« H3 3M6pHOHOB 7 HHbeijHpoBaHHbix PHK Kr- 
par, HMeiomnx aeneijHH TopaKanbHbix cerMeHTOB, a TaioKe o^Horo nepexmero 
20 aG^oMHHajibHoro ceraeHTa, 

B - (|)eHOTHnbI HH^HHKH, pa3BHBineHC5I H3 3Nl6pHOHOB, HHl>eilHpOBaHHbIX PHK Kr- 

par, HMeiomnx Resiemm TOpaKaJibHbix cerMeHTOB, a TaioKe Tpex nepe^Hnx 
a6,n;oMHHanbHbix cerMeHTOB. 

CTpenKa yKa3biBaeT aTonnnecKH pa3BHBineecH jibixajibije, TaioKe xapaKTepHoe win. 

25 4>eHOTHna Kr. 

PacKpbiTHe CymHOCTH H306peTeHHH 

B ocHosy npejuiaraeMoro H3o6peTeHM nono^eHa 3a^ana noBbimeHHJi HazjexcHoera 
PHK-HHTepcfrepeHijHH, npn kotopoh 6hjih 6bi HeB03MO)KHbi peBepcnn, npHBO^mne k 
30 cHHxe3y ijenn mPHK Ha KOHCTpyKijHax, hcxo^ho npe^Ha3HaHeHHbix ana reH- 
cnertH(})HHeKoro canneHCHHra. 

npe^Jio^ceH cnoco6 H3MeHeHH5i reHeTH^ecKHX cbohctb opraHH3Ma nyreM PHK- 
HHTep(J)epeHn;Hn 3 npHBOAJfflien k reH-cneij;H4)HHecKOMy caitneHCHHry Bbi6paHHoro reHa c 
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noMomBK) MOJieicyji PHK 5 CHHxe3HpoB aHHLix in vitro, npn 3xom Hcnojib3yK)x MOJieKyjibi 
PHK, KOMnjieMeHTapHBie b napamiejibHOM HanpaBJieHHH (iikPHK) mPHK Bbi6paHHoro 
reHa, icoxopbie cHHxe3Hpyiox in vivo hjih in vitro Ha HcicyccxBeHHOH nocjie,uoBaxejibHocxH 
AHK, HMeiomefl 3epKajibHO-CHMMexpHHHyio nocjie/jOBaxejibHocxb HyKJieoxnaoB no 
5 OTHOiueHHK) k nocne,noBaxejibHOCXH HyKJieoTH^oB reHa. 

npe^JiaraeMbiH cnoco6 npHBO^nx k a^eKTHBHOH PHK-HHxep4)epeHUHH h reH- 
cneixH^H^ecKOMy cafijieHCHHry h HCKJUonaex CHHxe3 mPHK, t.k. b KOHcxpyioiHflx 
HcnoJib3yexcH HeroMOJiorHHHaa HCKyccxBeHHaa nocjie^OBaxejibHOCXb ffRK. 
llpe^jio^ceHHbiH cnoco6 ocymecxBJuiiox cjie,a;yiomHM o6pa30M: 
10 1. BbiGnpaioT reH, aKTHBHOCTb KOTOporo He>icejiaxejibHa (t.c oHa npHBO^nx k 
3a6ojieBaHHio hjih Hapymaex GnoxexHOJiorHHecKHH npoijecc); 
2. XHMHMecKH cHHTe3HpyioT HCKyccTBeHHyio nocjieflOBaTenbHOCTb /JHK, HMeiomyio 
3epKajibHoe ^epczjoBaHHe HyKJicoxH,zjOB no oxHoineHHK) k Bbi6paHOMy reHy hjih ero 
nacra; 

15 3. ToTOBiiT reHeTHnecKyio KOHcxpyKijHio, b KOTopon Hcnonb3yiOT pa3Hoo6pa3Hbie 
BeKTOpbi, co^ep^camne CHHxe3HpoBaHHyio JIKK no£ HyacHbiM npoMOTopoM h .npyrHMH 

nOCJie#OBaTeJIbHOCTflMH, Ba)KHbIMH JXJIR 3(J)(j)eKTHBH0H 3KCnpeCCHH H £JIfl 

"npasHJibHoro BnHCbiBaHHfl" KOHCxpyiojHH b xpOMOCOMHbie ^oMeHbi; 
4. KoHCxpyKijHio TeM hjih hhbim nyreM bboa^t b opraHH3M nun. cHHTe3a nKPHK in vivo 
20 (TpaHCt^opMaitHH), jih6o mcPHK CHHxe3Hpyiox in vitro Ha KOHCxpyKijHH h bbo^ht b 

OpraHH3M C nOMOmbK) HHbeKIXHH. 

H3o6peTeHHe noacHJiexcji KOHKpeTHbiMH npHMepaMH ocymecxBJieHHfl cnocoGa 

H3MeHeHH^ reHeTHHeCKHX CBOHCXB OpraHH3Ma, B KOTOpblX 3XH H3MeHeHHiI np05IBJIHIOTC3I 
KaK H3MCH6HHS (|)eHOTHna, H HJIJIIOCXpHpyeXCfl 4 (J)HrypaMH. 

25 

Cbchchhh, nojiTBep^aaiomHe B03Mo>KH0CTb 

ocymecTBJieHHH H306peTeHHH 

IlpHBe^eHHbie ^ajiee npHMepbi HBJiaiOTca np qjjji ohxhx e jib h bimh , npe^Ha3HaneHbi 
jiHiUb ^jih noOTBep^neHHJi bo3mo>khocth ocymecTBJieHM H3o6pexeHHfl h He zioji^cHbi 
30 CTaTb ocHOBaHHeM orpaHHneHHH o6-beMa npHTH3aHHH 3aHBHxeJui. CneijHajiHCx b 
^aHHOH oonacTH TexHHKH 6e3 xpyzjy Haii^ex bo3mo)khocth hhbix BonnomeHHH 
H3o6peTeHHH, KOTopbie 6e3ycjiOBHo nozjna^aiox uojx npHXJoaHHJi 3aaBHxejiH, oxpaaceHHbie 

B (|)OpMyJie H306pexeHHfl, npHBOflHMOH mrae. 
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IIpHMep 1. PHK-HHTep4>epeHUHH b KJieTKax Escherichia coli c noMombio 
MOJieKyji PHK, KOMiuieivieHTapHbix b napajuiejibiioM HanpasjieHHH mPHK reHa Ion, 
CHHTe3HpoBaHHbix in vivo. 

TeH Ion BbiGpaH b KanecTBe MO^ejiH, nocKOJibKy oh iiBJiiieTOi ozjhhm H3 
5 KjnoneBLix b peryjMitHH mhothx npoixeccoB b KJieTKax E. coli. 

XHMHHeCKH CHHT£3HpOBaHa HCKyCCTBeHHafl IIOCJie^OBaTCIIBHOCTb fftiK flJIHHOH 95 

bp (bp - napa ocHOBaHHH b ^HK hjih PHK) 3 HMeiomaa 3epKajibHo cHMMeTpH^niyio 
nocjie^oBaTenLHOCTB HyKJi e oth^o b no OTHOinemiio k cooTBeTCTByiomeH o6jiacra reHa Ion. 
3Ta £(HK ncnojib30BaHa jxjik co3£aHiDi KOHCTpyKijHH Ha ocHOBe Beicropa pUC12, b 
10 KOTopoM no# KOHTponeM lac-npoMOTopa Haxo^HTc^ iient, 3KcnpeccHpyiomaji nKPHK 
parlon (Onr. 1 a, 6). 

nojiyneHHaa KOHCTpyKi^Hst c noMonjbio TpaHC(J)opMaiiHH BBezjeHa b kjictkh E. coli. 
3a BJiHHHueM nxPHK parlon Ha aKTHBHocTb 3H#oreHHoro reHa Ion cjie#flT 
no 3(|)4)eKTy nocjieAHero Ha pa6oTy iux-peryjioHa, BHeceHHoro b kjictkh E. coli H3 kjictok 

15 Vibrio fischeri. Lon-npoTea3a hbji^ctch HeraTHBHbiM peryjuiTopoM lux-peryjiOHa, t.k. OHa 
cneijHtjmHecKH ^erpa^HpyeT 6enoK LuxR. IlocjieflHHH b KOMnjiexce c aBTOHH^yKTopoM 
3anycKaeT CHHTe3 6ejiKOB, oGecneHHBaiomHx JiioMHHecijeHijHio. IIpoMOTopbi pr h pi b lux- 
peryjioHe paGoTaioT Ha pa3Hbix iienax, reHbi noKa3aHbi cbctjibimh npflMoyrojibHHKaMH 
(<Dnr. 1 b). Akthbho pa6oTaioiHHH reH Ion Bbi3MBaeT penpeccnio TpaHCKpnnijHH lux- 

20 peryjiona, hto (J)eHOTHnHHecKH npo^BJi^eTc^ b noaaBJieHHH jnoMHHecijeHijHH. HanpoTHB, 
caHjieHCHHr reHa Ion npHBO^HT k yBejinneHHio KomjeHTpamra LuxR h, cjie^oBaTenbHo, k 
aKTHBanHH TpaHCKpHnijHH lux-peryjiOHa, hto npHBO^HT k 3aMexHOMy ycnjieHHio cbchchhh 
kjictok. Lux-perynoH b cocTaBe 16 kb BamHI ^parMeHTa fftlK Vibrio fischeri, 6bin 
BBe^eH b lon + kjictkh E. coli K12 AB1157, a TaioKe b Ion" kjictkh E. coli K12 AB1899 

25 (Ion 1). 

B nojiyqeHHbie lon + kjictkh ^onojimrrejiLHo nopo3Hb bbo^t TaioKe KOHCTpyKUHio, 
C03£aHHVK) Ha ocHOBe BeKTopa pUC12, cnoco6Hyio 3KcnpeccHpoBaTb nKPHK parlon hjih 
HcxonHyio njia3MH,ny pUC12, He co^epacamyio BCTaBKH. CanjieHCHHr reHa Ion 
onpejieJi^iOT no B03pacTaHHK) CBeneHHii kjictok. Hhtchchbhoctb jiioMHHecijeHixHH kjictok, 
30 3KcnpeccnpyiomHx nKPHK parlon B03pacTaeT Ha hcckojibko nop^KOB no cpaBHeHHio c 
KOHipoJieM, co^ep^cameM HCxo^Hyio njia3MH^y pUC12 (Onr. 2). 

IlpH BbipamHBaHHH TpaHC(J)opMaHTOB parlon na TBepzitix cpe^ax Ha6jnoziajiH 
pa3BHTHe "cjiH3HCTbix" kojiohhh, hto xapaKTepHO Rim Ion" 4>eHOTHna hjih caHJiencHHra 
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reHa Ion. 

npiiruep 2. nojiyneHHe (J)eHOKomiH Kruppel (Kr) npn hhi>€kijhhx b 3ivi6pHOHbi 

,apo30(J)HJibi PHK, KOMnjieivieHTapHOH mPHK b napajuieJibHOM HanpaBJieHHH, 
CHHTe3npoBaHnofl in vitro. 

Kr - roMeoTHHecKHH reH, aKTHBHbifi y^ce b 3HroTe h KOHTpojrapyiomHH 

06pa30BaHHe CerMeHTOB Ha paHHeH 3M6pHOHaJIbHOH CTa^HH pa3BHTHJI £p030(|)HJIbI Bbl6paH 

b KanecTBe MO^enH, no3BOJifliomeH Ha6jiK>,o;aTb paimee pa3BHrae b MHoroKJieTOHHOM 
opraHH3Me. MyraHTbi Kr HMeiOT £ejien;HH npHJieacamnx TopaicajibHbix h nepejjHHx 
a6,noMHHanbHbix cerMeHTOB. OeHoranHHecKH 3to 3aMeTHO cpa3y nocne pa3BHTH2 
KyrHKyjibi h BbiJiynjiHBaHH^ jihhhhok. MyraHTbi Kr hmciot ^ejiei^HH TopaicajibHbix 
cerMeHTOB h ot oototo jxo hcckojibkhx a6,noMHHajibHbix cerMeHTOB, a HHorjja Taioice 
aTonH^ecKH pa3BHBniHecfl ^bixanbija b nepe,zmeH nacra Tejia jihhhhkh [E. Weischaus, C. 
Nusslein-Volhard, H. Kiuding, Development, 1984, vol. 104, p. 172]. TaKHM o6pa30M, 
MyraHTbi Kruppel HMeiOT yHHKajibHbifi (|)eHOTHn, npoHBjmiomHHCfl yace ^epe3 cyrKH 

pa3BHTHH 3M6pHOHOB £p030(])HJIbI, HTO yZK>6HO RJIK H3yqeHH£ BJIMHH5I PHK Ha (J)eHOTHII. 

^onoJiHHTejibHbiM apryMeHTOM c nojib3y Bbi6opa ^aHHOH MO^ejiH 6buio to 
o6cTO«TejibCTBO, ^to BJiHHHHe HHbeKijHH aHTHCMbicjioBOH PHK Kr 6bino npoBe^eHO paHee 
[U.B. Rosenberg, A. Preiss, E. Seifert, H. Jackie, DC. Knippe, Nature, 1985, vol. 313, p. 
703]. 

XHMHnecKH CHHTe3HpyioT HCKyccTBeHHyio nocne^OBaTenbHocTb ZIHK zuihhoh 160 
bp, HMeiomyio CHMMeTpHHHyio nocne^oBaTejibHOCTb HyKJieora^oB no o6jiacra reHa Kr 
(<Dht. 3 a, 6). CneziyeT noOTepKHyrb, hto aHTHCMbicjioBbie PHK cHHTe3HpyiOT Ha 
He3HanameH nenn toto ^ce caMoro reHa, Tor#a K3K nKPHK MO^ceT 6biTb cHHTe3HpoBaHa 
TonbKO Ha reTepojiorHHHOH nocneaoBaTejibHOCTH flHK, HMeiomefi 3epKanbH0- 
CHMMerpHHHoe nepeaoBaroie. 

CHHTe3HpoBaHHyio ,HHK Hcnojib3yiOT £jm nojiyneHHH KOHCTpyKitHH b BeKTope 
pGEM-1, no3BOHKiomHM c npOMOTopa PHK nojiHMepa3bi T7 Becra CHHTe3 mcPHK. 
nKPHK 6buia Ha3BaHa Kr-par, t.k. OHa KOMnjieMeHTapHa mPHK reHa Kr b napajuiejibHOM 
HanpaBJieHHH. 

3M6pHOHbi jihhhh Oregon RC HHbemipyioT npenapaTaMH nicPHK b o6nacTb 
nna3Mbi 3aOTero nonioca Ha cTa^HH chhiihth)! h HHKyGnpyiOT no£ bo,koh npn 25°C b 
TeneHHe 18-24 *iacoB. 3aTeM totobot npenapaTbi KyrHKyjibi h Ha6jno^aioT pa3BHTHe 

CerMeHTOB JIHHHHOK nOR 4>a30BO-KOHTpaCTHbIM MHKpOCKOnOM. 
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OSHapyaceHO pa3BHrae jihhhhok HMeiomnx xapaicrepHbiH Kr-4)eHOTHn. B 

KOHTpOJIbHblX 3KCnepHMeHTaX, nOCJie HHbeKUHH PHK, CHHTe3HpOBaHHOH Ha 

npoTHBonono^cHofi i^enH toh tkc kohctpykijhh c noMomtio SP6 PHK nojiHMepa3bi, 

HaGjIIO^aiOT TOJIbKO pa3BHTHe HOpMaJIbHblX jihhhhok. 

5 <Dhi\ 4 npeACTaBJineT HopMajibHyio jihhhhky (a), a TaioKe /*Be jihhhhkh, 

nojiyneHHbie nocjie HHbeKijHH npenapaTa Kr-par (6, b). nocne^HHe hmciot tfejieuHH 
TopaKajibHbix cerMeHTOB h o^Horo hjih Tpex 6pioniHbix cerMeHTOB h 3KTonH T iecKH 
pa3BHToe ^bixajibue b nepczuieH ^acra Tejia jihtohkh, hto xapaKTepHO rjix (|)eHOTHna Kr, 
MacTOTa no^BJieHH^ 4 )eHOKOnH ^ nocjie HHbeKijHH PHK Kr-par npHMepHO 

10 cooTBeTCTByeT raKOBOH nocjie HHteKHHH cooTBeTCTByiomeH acPHK [U.B. Rosenberg, A. 
Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 703]. IloKa3aHO, hto b 
MHoroKneTO^HOM opraHH3Me, B03^eHCTBy^i nxPHK Ha SKcnpeccnio KJiio^eBoro reHa 
^H(J)4)epeHi^HpoBKH, nojiynaiOT HanpaBneHHoe H3MeHeHHe reHeTH^ecKHX cbohctb 
opraHH3Ma. 

15 TaKHM o6pa30M ; o6Hapy)KeHO BJiiuiHHe 3epKajibHbix HHBepcHH HyKJieoTHflHbix 

nocne^OBaTejibHOCTefi, TeM hjih hhmm nyTeM BBe,zjeHHbix b opraHH3M, Ha ero (|)eHOTHn. 
OcHOBHoe npeHMymecTBo npejmaraeMoro cnoco6a coctoht b tom, hto 3epicajibHbie 
nocjiejioBaTejibHOCTH cnoco6Hbi o6ecnewn> CHHTe3 nicPHK h PHK-HHTep^epeHimio, ho, 
6ynyHH reTeponorHHHbiMH nocjiczjoBaTejibHOCTJiMH, He Moryr CHHTe3HpoBaTb 

20 cooTBeTCTByromyio mPHK. IIo3TOMy npn Hcnonb30BaHHH 3Toro no^xo^a 
("najiHH^poMHbiH noflxo^"), b oTJinrae ot TpazjHijHOHHoro cnoco6a, ncnojib3yemero 
acPHK ("aHTHCMbicjioBOH ncuxojj"), He MoxceT npoH30HTH peBepcHH h Hanaibcji chhtc3 
uenn mPHK. 

H3o6peTeHHeM npe^Jio^ceH o6hjhh no^xo^ k H3MeH eHHio reHeTHnecKHx cbohctb 
25 opraHH3Ma, o chob aHHbiH Ha 6nojiorHHecKHX cBOHCTBax 3epKajibHbix HHBepcHH 
HyKJieoTH^Hbix nocjie^oBaTejibHOCTeH h peajiH3yiomHHC^ b PHK-HHTep^epeHijHH, 
npHBO^men k reH-cneiiH(|)HHecKOMy canjieHCHHry. Ilpe^JiaraeMbiH cnocoS, ocHOBamibiH 

Ha oGHapyaceHHOH BblCOKOH H H36npaTeJIbHOH GHOJIOTHHeCKOH aKTHBHOCTH TpaHCKpHnTOB 

c 3epKanbHbix HHBepcHH HyKJieoiHOTbix nocjie^oBaTenbHocTeM, npHBO/jHT k H3MeHeHHio 
30 ^eHorana h mo^kct 6biTb Hcnojib30BaH ^na ijejien reHOTepanHH b Me^HitfiHe, a Taieace b 
cejibCKOM xo3^HCTBe h b npoMbiuiJieHHOH GnoTexHOJiorHH j\Jin reH-cneitH(J)HHecKoro 
cafijieHCHHra Tex reHOB, 3iccnpeccH£ KOTopbix cnocoGcTByeT pa3BHTHio Tex hjih hhbix 
3a6ojieBaHHH hjih HapymaeT npouecc Hapa6oTKH Heo6xo£HMoro npo/jyicTa. 
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<DOPMYJIA H30BPETEHHH 



Cnoco6 H3MeHeHra reHeTHHecKHX cbohctb opraHH3Ma nyreM PHK- 
HHTep(J)epeHi^HH ? npHBO^meH k reH-cneijH(|)HHecKOMy cafijieHCHHry BbiGpaHHoro reHa c 
5 noMombio MOJiexyn PHK, cHHTe3HpoBaHHbix in vitro, OTJiHHaiomHHCH TeM, hto 
Hcnojib3yK>T MOJieKyjibi PHK, KOMimeMeHxapHbie b napajinejibHOM HanpaBJierom (nKPHK) 
mPHK BbiGpaHHoro reHa, npH stom nicPHK cHHTe3Hpyic>T in vivo hjth in vitro Ha 
HCKyccTBeHHoii nocjie^oBaTejibHOCTH £(,HK, HMeiomeM sepicajibHO-CHMMeTpH^Hyio 
nocne^oBaTejibHOCTb HyKJieoirmoB (3epicajibHaa HHBepcHa) no OTHonieHHio k 
10 nocJie^oBaTejibHocTH HyKneoraaoB reHa. 
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OCb CUMMeTpilH 



MCKyccTB6HH3$? nocneflosaTenbHOCTb 

*- 5'ACAGT...TAC...ACGCG 3' 
3'TGTCA. . ATG.. TGCGC 5" 




reH 



5*...GCGCA...CAT...TGACA... 3' 
3'...CGCGT...GTA.ACTGT... 5' + 



parion, 95 bp 
ACAGU...UAC..ACGCG 



m PHK, 2.4 kb 



5' 



UGUCA..AUG...UGCGC 



f 3' 
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OCb CMMMeTpHH 



ncKyccTBeHHafl nooneAOBaTeribHOCTb 

+ 5'TTTTA.. TAC. . .AGTCG 3' 
3'AAAAT. . . ATG . . TCAGC 5' 



[ Kr-par J 



reH 



5'...GCTGA...CAT...ATTTT... 3' 
3'...CGACT...GTA...TAAAA... 5' + 



Kr-par, 160 bp 
UUUUA..UAC. AGUCG 



. mPHK, 2.5 kb 



5' 



AAAAT. ..AUG.. .TCAGC 



f 3' 
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